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INTRODUCTION 

An ex tens i ve  research  and developnent  program on d isposable 
c a t a l y s t s  and s l u r r y  c a t a l y s i s  was suppor ted by the  F o s s i l  Energy 
O f f i c e  o f  t h e  U.S. 
1978-82. A c t u a l l y ,  p r i o r  t o  1978, a p r o j e c t  o f  s i m i l a r  na tu re  was 
c a r r i e d  o u t  f o r  seve ra l  yea rs ,  a t  a low p r i o r i t y  e f f o r t ,  a t  t he  
U.S. Department o f  I n t e r i o r ,  Bureau of  Mines l a b o r a t o r i e s  which i s  
now known as t h e  P i t t s b u r g h  Energy Technology Center (PETC) . 
A1 though numerous s lu r r y -phase  c a t a l y s t s  were t e s t e d  i n  t h i s  
program, two meta ls ,  i r o n  and molybdenum, i n  t h e i r  s u l f i d e d  form, 
were s i n g l e d  o u t  as t h e  most p romis ing  candidates f o r  scale-up 
process ing.  

I n  1982. Gray and Neuworth ( 1 )  and i n  1983, Davidson ( 2 )  have made 
comprehensive rev iews on t h e  r o l e  o f  i r o n  s u l f i d e s  on coa l  
l i q u e f a c t i o n ,  and, up t o  t h e  present ,  t h e r e  has been a c o n t i n u i n g  
l e v e l  o f  a c t i v i t y  i n  t h i s  area. I r o n  and molybdenum s u l f i d e s  
c a t a l y s t s  were amply covered i n  a ve ry  r e c e n t  comprehensive and 
c r i t i c a l  rev iew  on c a t a l y s i s  i n  d i r e c t  coa l  by Derbysh i re  ( 3 ) .  
T h i s  e x c e l l e n t  rev iew  p rov ides  a c u r r e n t  s t a t e  o f  knowledge o f  a l l  
form o f  c a t a l y s i s  wh ich  a r e  p o t e n t i a l l y  o f  i n t e r e s t  from a 
p r a c t i c a l  s tandpo in t ,  i n  a d d i t i o n  t o  g i v e  va luab le  new d i r e c t i o n s  
f o r  research i n  t h i s  area. 

Garg and Givens ( 4 )  have shown ev idences o f  synergism f o r  an 
Iron-Molybdenum c a t a l y s t  i n  which mixed c a t a l y s t  has a d e f i n i t e  
advantage ove r  each i n d i v i d u a l  meta l  preforming.  S i m i l a r l y  Ga ts i s  
( 5 )  uncovered a d i s t i n c t  synergism o c c u r r i n g  f o r  an Iron-Vanadium 
c a t a l y s t  which p e r m i t s  t h e  p a r t i a l  replacement o f  t h e  expensive 
Vanadium w i t h  t h e  low c o s t  I r o n ,  w i t h  no l o s s  o f  t he  c a t a l y t i c  
a c t i v i t y  l e v e l .  

Department o f  Energy (DOE) d u r i n g  t h e  p e r i o d  
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The aforementioned re fe rences  ' r e p o r t  t h a t  i r o n  s u l f i d e s  c a t a l y s t s  
e x h i b i t  c o n s i s t e n t l y  l o w e r  hydrogenat ion a c t i v i t y  than e i t h e r  t h e  
molybdenum o r  t h e  vanadium s u l f i d e s .  Va r ious  exp lana t ions  were 
a t t r i b u t e d  t o  t h e  low c a t a l y t i c  a c t i v i t y  o f  t h e  i r o n  s u l f i d e s ,  such 
as t h e  very l o w  su r face  area and t h e  v a r i a b l e  c a t a l y t i c a l l y  a c t i v e  
i r o n  s u l f i d e s  forms found i n  p y r i t e s ,  t h e  p recu rso rs  present  i n  t h e  
m i n e r a l  ma t te r  o f  most  coals .  

T h i s  paper, p r e s e n t l y  i n  t h e  form o f  a communication t o  be 
complemented by t h e  o r a l  p r e s e n t a t i o n  and t o  be expanded f o r  
p u b l i c a t i o n  i n  Energy and Fuels ,  i n t e n d s  t o  p r o v i d e  evidences t h a t  
t h e  a c t i v e  forms o f  i r o n  s u l f i d e s  have a d i f f e r e n t  f u n c t i o n  than  
t h e  o t h e r  metal s u l f i d e s ,  t h e  f u n c t i o n  o f  b e i n g  reac tan ts  and 
c a t a l y s t s .  

An a d d i t i o n a l  o b j e c t i v e  o f  t h i s  paper, i n  c o n j u n c t i o n  w i t h  a s e r i e s  
o f  papers presented by t h i s  au tho r  i n  r e c e n t  yea rs  ( 6 ) ,  i s  t o  
s t i m u l a t e  t h e  research  community, d e d i c a t e d  t o  coal  l i q u e f a c t i o n  
fundamentals, t o  under take a more sys temat i c  research  approach t o  
d i s c r i m i n a t e  t h e  c r i t i c a l  r e a c t i o n s  from t h e  numerous ones 
o c c u r r i n g  p a r t i c u l a r l y  t he  l ower  temperature range, which, i n  t u r n ,  
p r o f o u n d l y  a f f e c t  t h e  subsequent r e a c t i o n s  o c c u r r i n g  a t  t h e  h ighe r  
tempera tures.  

IN IT IAL  STAGES OF COAL LIQUEFACTION 

T h i s  author  ( 7 )  has s t ressed  t h e  impor tance o f  r e a c t i o n s  i n v o l v i n g  
heteroatom-conta in ing compounds i n  coa l  d i s s o l u t i o n  and subsequent 
coa l  l i q u i d  upgrading. o f  t h e  t h r e e  ma jo r  heteroatoms p resen t  i n  
c o a l ,  t h e  most abundant i s  t h e  oxygen, and, p a r t i c u l a r l y  when i t  i s  
i n  t h e  form o f  c a r b o x y l i c  and p h e n o l i c  spec ies,  i t  seems t o  
dominate the  r e a c t i o n s  o c c u r r i n g  i n  t h e  i n i t i a l  stages o f  
l i q u e f a c t i o n .  Except f o r  t h e  low-rank coa ls ,  i n  which the  
c a r b o x y l i c s  a r e  conver ted a t  t h e  temperature range o f  250-3000 C ,  
w i t h  t h e  observed l o s s  o f  C02, t h e  p h e n o l i c  chemis t r y  appears t o  
dominate the  r e a c t i o n s  o c c u r r i n g  i n  t h e  280-3500 C temperature 
range, f o r  c o a l s  o f  a l l  ranks, except ,  perhaps, f o r  t h e  low-oxygen 
german's hard coal .  I n  p a r t i c u l a r ,  t h e  phenols  a re  t h e  major 
c o n t r i b u t o r s  f o r  t h e  r e g r e s s i v e  r e a c t i o n s ,  caus ing  t h e  h igh  
v i s c o s i t y  o f  coal  l i q u i d s  and i n c r e a s i n g  t h e  d i f f i c u l t y  o f  
upg rad ing  and r e f i n i n g ,  and, as d i s c o v e r  i n  r e c e n t  work. t h e  
promoters f o r  c a t a l y s t  d e a c t i v a t i o n .  Lemberton e t  a1 .(8) t e s t e d  a 
s u l f i d e d  nickel-molybdenum on a lumina c a t a l y s t  f o r  t h e  
hydrogenat ionlhydrocracking o f  a m i x t u r e  o f  phenanthrene, c a r b a z o l e  
and 1-naphto l ,  and d i scove red  t h a t  t h e  c a t a l y s t  ma in ta in  i t s  
a c t i v i t y  i n  t h e  presence o f  t h e  phenathrene-carbazole m ix tu re ,  b u t  
i t  i s  s t r o n g l y  d e a c t i v a t e d  when 1-naphto l  i s  added t o  t h a t  m ix tu re .  
Th is  exper imenta l  evidence o f  c a t a l y s t  d e a c t i v a t i o n  promoted by the  
phenols  conf i rms t h e  i n t u i t i v e  though ts  emerged some ten  yea rs  ago 
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from the  exper imenta l  da ta  p rov ided  by Suntech ( 9 )  by which the  
removal o f  t h e  phenols  from a SRC I 1  d i s t i l l a t e  s o l v e n t  caused 
a seven- fo ld  i n c r e a s e  i n  t h e  k i n e t i c s  o f  n i t r o g e n  remdval by 
c a t a l y t i c  hydrogenat ion.  A t  a l a t e r  date,  Garg e t  a l .  (10) used a 
de func t i ona l i zed  s o l v e n t  i n  which most  o f  t h e  phenols and n i t r o g e n  
compounds were removed from a SRC I process solvent,and ob ta ined  
h i g h  convers ion and o i l  y i e l d  w i t h  o n l y  0.2-0.5 we igh t  percent  
a d d i t i o n  o f  p y r i t e  t o  t h e  c o a l / s o l v e n t  s l u r r y .  When t h e  u n t r e a t e d  
s o l v e n t  was used f o r  comparison, a d d i t i o n  o f  3-5 pe rcen t  p y r i t e  was 
r e q u i r e d  t o  o b t a i n  t h e  same convers ion  and o i l  y i e l d .  

The obvious thought .  d e r i v e d  from t h i s  data, was t h a t  a l a r g e  
p o r t i o n  o f  t h e  a c t i v e  i r o n  s u l f i d e  r e a c t e d  w i t h  t h e  oxygen m o i e t i e s  
w i t h  the  l o s s  o f  c a t a l y t i c  a c t i v i t y ,  and , o n l y  t h e  excess p y r i t e  
func t i oned  as t h e  a c t u a l  c a t a l y s t .  To prove t h i s  p o i n t ,  t h e  work o f  
Montano (11) i n d i c a t e d  a s t r o n g  a f f i n i t y  o f  an a c t i v e  i r o n  s u l f i d e  
su r face  towards oxygen i n  which t h e  carbon-oxygen bonds a re  broken 
even from ve ry  s t a b l e  a romat i c  e t h e r s  t o  generate aromat ic  
hydrocarbon and c a t a l y t i c a l l y  i n a c t i v e  forms o f  i r o n  s u l f a t e  o r  
ox ide.  

The removal o f  oxygen m o i e t i e s  from coa ls ,  i n  t h e  i n i t i a l  and 
subsequent s tages o f  l i q u e f a c t i o n ,  b y  t h e  r e a c t i o n  w i t h  i nexpens ive  
i r o n  s u l f i d e s ,  whose p recu rso rs  happened t o  have t h e  good f o r t u n e  
o f  be ing t h e  most abundant components o f  t h e  m ine ra l  ma t te r  i n  
coa l ,  ought  t o  be cons ide red  h i g h l y  d e s i r a b l e  from the  economic and 
techno log ica l  p o i n t  o f  view. 

CONCLUSIVE REMARKS 

Derbyshi re  ( 3 ) .  i n  h i s  rev iew  on c a t a l y s i s  f o r  coa l  l i q u e f a c t i o n ,  
quest ioned t h e  modest p rog ress  o b t a i n  i n  c a t a l y t i c  l i q u e f a c t i o n ,  
p a r t i c u l a r l y  when research  i n  t h i s  f i e l d  has been conducted f o r  
h a l f  a century .  Absence o f  a r e a l i s t i c  model coal  s t r u c t u r e ,  and , 
o f  a c l e a r  unders tand ing  o f  t h e  r e a c t i o n  chemis t r y  and, t h e  c y c l i c  
na tu re  of i n t e r e s t  i n  research  o f  coa l  l i q u e f a c t i o n  were t h e  main 
reasons f o r  t h e  impediment o f  progress i n  c a t a l y s i s ,  acco rd ing  t o  
Der bys h i  re .  

The data and thoughts presented i n  t h i s  communication seem t o  
complement Derbysh i re ' s  assessment, i n  t h a t  t h e  scarce progress i n  
c a t a l y t i c  l i q u e f a c t i o n  i s  due t o  t h e  f a c t  t h a t  c a t a l y s t  a c t i v i t y  i s  
more dependent on t h e  feed  compos i t i on  i n  c o n t a c t  w i t h  t h e  c a t a l y s t  
than on t h e  c a t a l y s t  f o rmu la t i on .  P reconvers ion  t reatments t o  
remove f i r s t  t h e  a c t i v e  oxygen species i s  necessary p r i o r  t o  submi t  
c o a l - d e r i v e d  e x t r a c t s  t o  suppor ted c a t a l y s t s  f o r  f u r t h e r  convers ion  
t o  env i ronmen ta l l y  accep tab le  fue l s .  

Th i s  suggests t h a t  t h e  research  approach i n  coa l  l i q u e f a c t i o n  ought  
t o  be systemat ic  because t h e r e  i s  t h e  l i k e l i h o o d  o f  s i g n i f i c a n t  
complex r e l a t i o n s h i p s  between coal  s t r u c t u r e ,  r e a c t i o n  mechanisms, 
thermodynami c s , anal  y t  i ca 1 c hemi s t ry , k i  n e t  i c s and, f i n a l  1 y , 
c a t a l y s t  s e l e c t i o n .  
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